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AbstrAct
Purpose: The goal of he presented investigations was to evaluate to possibility of application of popular 
modifiers for chosen types of zinc alloys. The special aim of this work is to determine the influence of alloy 
modification on the crystallisation kinetics and microstructure of the cast zinc alloy. This research work presents 
also the investigation results of derivative thermoanalysis performed using the UMSA device. The material used 
for investigation was the ZnAl8Cu1 alloy.
Design/methodology/approach: For phase determination there were used electron microscope techniques like 
SAD diffraction investigations which were carried out on the 200 kV transmission electron microscope. The 
UMSA (Universal Metallurgical Simulator and Analyser) device allows it to determine the specific melting 
process, influence of the cooling rate on the crystallization of phases and eutectics of the investigated alloys. 
Cooling rate influences the microstructure and properties of the investigated zinc cast alloys.
Findings: Change of the crystallization kinetics allows it to produce materials with improved properties, which 
are obtained by: microstructure refinement, reduction or elimination of segregation.
Research limitations/implications: The material was examined metallographically and analysed qualitatively 
using light and scanning electron microscope as well as the area mapping and point-wise EDS microanalysis. 
The performed investigation are discussed for the reason of an possible improvement of thermal and structural 
properties of the alloy.
Practical implications: The investigated material can find its use in the foundry industry; an improvement of 
component quality depends mainly on better control over the production parameters.
Originality/value: Investigations concerning the development of optimal chemical composition and production 
method  of  zinc-aluminium  alloys  with  selected  rare  earth  metals  with  improved  properties  compared  to 
elements made of alloys with appliance of traditional methods, will contribute to a better understanding of the 
mechanisms influencing the improvement of functional properties of the new.
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1. Introduction 
 
Zinc-aluminium  alloys  are  alloys  with  very  good 
technological  and  mechanical  properties.  One  of  the  main 
problems in the casting technology of cast zinc alloys is their high 
susceptibility for gassing and oxidation. Moreover they have also 
a predisposition to the development of coarse structures during 
solidification with low cooling rate. All of these issues affect the 
need for innovation, increasing the quality of casting technology, 
which after cast into the mould will eliminate metal precipitates 
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and gas bubbles. In addition, it will help to obtain structure, which 
will ensure high and stable mechanical properties. Such assuming 
are  realised  in  case  of  other  alloys  mainly  by  implemented 
refining  and  modification  of  the  molten  metal  before  casting 
operation as well as optimal heat treatment processes [1-7]. 
At the moment, the lack of sufficient knowledge and the lack 
of data, which allows to determine the effect of modifications, the 
cooling  rate  and  crystallization  kinetics  on  the  alloys 
microstructure and properties, as well as the relationship between 
the properties of the Zn alloys, and the obtained results from the 
thermo-derivative analysis. [3,4] 
In order to improve the mechanical properties of cast alloys, 
in addition to the applied heat treatment there is used structure 
modification  which  changes  the  morphology  and  interfacial  
Į+ȕ  eutectic  distance,  as  well  as  fragmentation  of  the 
microstructure. Currently there is used strontium and antimony 
for  modification,  because  this  are  long-term  modifiers. 
Increasingly,  there  are  also  widely  used  rare  earth  metals  to 
modify the casting alloys [1,2,5-7]. 
The addition of alloying elements such as Sr, Ca, Li, Na, Be. 
Zn  alloys  especially  with  high  Al  content  can  mitigate  their 
tendency to shrinkage of castings. The rare earth metals, which - 
similarly like Ti - also cause hot cracking, but allow to obtain 
good castability and filling of the mould. 
Grain  refinement  in  the  dendritically  crystallised  Į  solid 
solution by addition of Ti, which causes forming of heterogeneous 
TiZn3 and Al3Ti nuclei creating the triple phase Ti(Al,Zn)3 with  
a high nucleation coefficient [5-7]. 
Properly  carried  out  chemical  modification  and  the  use  of 
proper cooling of castings leads to improved functional properties 
of the produced castings. Therefore it is very important to know 
how  changes  in  the  structure  of  casts  with  according  to  the 
changing cooling rate or changing of the chemical composition by 
addition of modifiers to the liquid metal. 
Functional  properties  of  elements  produced  of  cast  metal 
alloys  depend  on  the  primary  structure  of  the  alloy,  which  is 
dependent  on  the  crystallization  kinetics.  The  crystallization 
kinetics is characterized by changes of the following parameters: 
temperature  of  the  metal,  cooling  rate,  the  rate  of  latent 
crystallization  heat  generation,  particle  density,  which  is 
equivalent to the density of the formed nuclei, fraction solid of the 
crystallized  metal,  the  concentration  of  components  in  the 
remaining liquid, the size of the characteristic distance and values 
describing the shape and size of structural components. [1,5,8]. 
All these parameters are variables of crystallization time and 
geometric coordinates of the casting. A full characterization of 
crystallization  kinetics  obtained  after  crystallization  equations 
connected with the equations of heat transfer and crystallization 
exothermal is a factor connecting these equations and depends on 
the amount of crystallized structural components [1].  
Cooling of the liquid metal goes from the molten state from - 
the  liquidus  line,  which  is  the  beginning  of  crystallization, 
followed  by  crystallization  of  eutectic  and  intermetallic  phases 
until  the  alloy  reaches  the  stable  state  -  the  solidus  line,  in 
accordance with the phase equilibrium diagrams. Therefore on the 
cooling curve there are are characteristic points (inflection points) 
derived from the exothermic reaction or endothermic transition of 
the  crystallized  eutectics  and  phases.  On  the  cooling  curve  is 
difficult  to  determine  the  temperature  of  crystallization  of 
different phases. The determination is possible by interpretation 
of the first derivative of the cooling curve as a function of time, 
ie. differential curve (ATD), also known as derivative curve [1,2]. 
The  reviewed  literature  data  shows  that  the  existing 
temperature holds on the curve cooling are a result of heat sources 
that  influences  the  occurred  phase  transformations.  The 
crystallizing  metal  gives  off  heat  to  the  environment  in  
a  continuous  manner.  No  change  in  temperature  or  temporary 
temperature increase indicates that in the molten metal there is 
additional crystallization heat source, and the differential curve 
kinetics  describes  the  evolution  of  the  heat  of  crystallization. 
During  determination  of  the  base  line  on  the  thermal  analysis 
diagram also called calorimetric curve in such a way, that the area 
between the curves fbƍ (t) and f ƍ(t) will determine the total heat of 
crystallization  and  it  can  be  observed  the  change  kinetics 
especially of the of latent crystallization heat [1,2,8]. 
The  base  line  describes  the  change  in  the  crystallization 
process in relation to the heat transfer through the vessel without 
isolation  of  latent  crystallization  heat.  When  no  crystallization 
occurs the following relation is valid [1,2,8]: 
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If  the  crystallisation  heat  is  emitted, and  the  crystallization 
proceeds,  the  temporary  heating  effect  is  described  by  the 
relationship [1,2,8]: 
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where:  
Q - crystallisation heat, 
cp - heat capacity,  
m - mass of the crystallised metal. 
 
Calculating the thermal crystallization effect in time t there 
should be taken into account also the capacity, which depends on 
the proportion of the solidified metal and the remaining liquid. 
The  total  heat  of  crystallization  is  obtained  by  integral 
calculation based on the equation:
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At a time when there are no phase changes, and therefore there 
is no additional heat source present, a differential curve corresponds 
to the cooling curve, a the crystallization function is composed of 
two parts - of derivative curve and cooling curve, where the first 
term is described on the basis of the Fourier heat transfer [9] , while 
the  second  term  shows  the  general  form  of  the  crystallization 
function describing the nucleation function of one phase. 
Considering the cell - dendritic crystallization model which 
extends uniformly from the surface to the centre of the mould in 
the  same  direction  as  the  heat  transport  directions,  but  in  the 
opposite run, the mass of the solidified crystals can be determined 
according to the Chworinov theory, where after the differentiating 13 READING DIRECT: www.journalamme.org
Properties
 
 
 
 
1. Introduction 
 
Zinc-aluminium  alloys  are  alloys  with  very  good 
technological  and  mechanical  properties.  One  of  the  main 
problems in the casting technology of cast zinc alloys is their high 
susceptibility for gassing and oxidation. Moreover they have also 
a predisposition to the development of coarse structures during 
solidification with low cooling rate. All of these issues affect the 
need for innovation, increasing the quality of casting technology, 
which after cast into the mould will eliminate metal precipitates 
 
 
and gas bubbles. In addition, it will help to obtain structure, which 
will ensure high and stable mechanical properties. Such assuming 
are  realised  in  case  of  other  alloys  mainly  by  implemented 
refining  and  modification  of  the  molten  metal  before  casting 
operation as well as optimal heat treatment processes [1-7]. 
At the moment, the lack of sufficient knowledge and the lack 
of data, which allows to determine the effect of modifications, the 
cooling  rate  and  crystallization  kinetics  on  the  alloys 
microstructure and properties, as well as the relationship between 
the properties of the Zn alloys, and the obtained results from the 
thermo-derivative analysis. [3,4] 
In order to improve the mechanical properties of cast alloys, 
in addition to the applied heat treatment there is used structure 
modification  which  changes  the  morphology  and  interfacial  
Į+ȕ  eutectic  distance,  as  well  as  fragmentation  of  the 
microstructure. Currently there is used strontium and antimony 
for  modification,  because  this  are  long-term  modifiers. 
Increasingly,  there  are  also  widely  used  rare  earth  metals  to 
modify the casting alloys [1,2,5-7]. 
The addition of alloying elements such as Sr, Ca, Li, Na, Be. 
Zn  alloys  especially  with  high  Al  content  can  mitigate  their 
tendency to shrinkage of castings. The rare earth metals, which - 
similarly like Ti - also cause hot cracking, but allow to obtain 
good castability and filling of the mould. 
Grain  refinement  in  the  dendritically  crystallised  Į  solid 
solution by addition of Ti, which causes forming of heterogeneous 
TiZn3 and Al3Ti nuclei creating the triple phase Ti(Al,Zn)3 with  
a high nucleation coefficient [5-7]. 
Properly  carried  out  chemical  modification  and  the  use  of 
proper cooling of castings leads to improved functional properties 
of the produced castings. Therefore it is very important to know 
how  changes  in  the  structure  of  casts  with  according  to  the 
changing cooling rate or changing of the chemical composition by 
addition of modifiers to the liquid metal. 
Functional  properties  of  elements  produced  of  cast  metal 
alloys  depend  on  the  primary  structure  of  the  alloy,  which  is 
dependent  on  the  crystallization  kinetics.  The  crystallization 
kinetics is characterized by changes of the following parameters: 
temperature  of  the  metal,  cooling  rate,  the  rate  of  latent 
crystallization  heat  generation,  particle  density,  which  is 
equivalent to the density of the formed nuclei, fraction solid of the 
crystallized  metal,  the  concentration  of  components  in  the 
remaining liquid, the size of the characteristic distance and values 
describing the shape and size of structural components. [1,5,8]. 
All these parameters are variables of crystallization time and 
geometric coordinates of the casting. A full characterization of 
crystallization  kinetics  obtained  after  crystallization  equations 
connected with the equations of heat transfer and crystallization 
exothermal is a factor connecting these equations and depends on 
the amount of crystallized structural components [1].  
Cooling of the liquid metal goes from the molten state from - 
the  liquidus  line,  which  is  the  beginning  of  crystallization, 
followed  by  crystallization  of  eutectic  and  intermetallic  phases 
until  the  alloy  reaches  the  stable  state  -  the  solidus  line,  in 
accordance with the phase equilibrium diagrams. Therefore on the 
cooling curve there are are characteristic points (inflection points) 
derived from the exothermic reaction or endothermic transition of 
the  crystallized  eutectics  and  phases.  On  the  cooling  curve  is 
difficult  to  determine  the  temperature  of  crystallization  of 
different phases. The determination is possible by interpretation 
of the first derivative of the cooling curve as a function of time, 
ie. differential curve (ATD), also known as derivative curve [1,2]. 
The  reviewed  literature  data  shows  that  the  existing 
temperature holds on the curve cooling are a result of heat sources 
that  influences  the  occurred  phase  transformations.  The 
crystallizing  metal  gives  off  heat  to  the  environment  in  
a  continuous  manner.  No  change  in  temperature  or  temporary 
temperature increase indicates that in the molten metal there is 
additional crystallization heat source, and the differential curve 
kinetics  describes  the  evolution  of  the  heat  of  crystallization. 
During  determination  of  the  base  line  on  the  thermal  analysis 
diagram also called calorimetric curve in such a way, that the area 
between the curves fbƍ (t) and f ƍ(t) will determine the total heat of 
crystallization  and  it  can  be  observed  the  change  kinetics 
especially of the of latent crystallization heat [1,2,8]. 
The  base  line  describes  the  change  in  the  crystallization 
process in relation to the heat transfer through the vessel without 
isolation  of  latent  crystallization  heat.  When  no  crystallization 
occurs the following relation is valid [1,2,8]: 
 
0   ¸
¹
·
¨
©
§ 
b dt
dT
dt
dT   (1) 
 
If  the  crystallisation  heat  is  emitted, and  the  crystallization 
proceeds,  the  temporary  heating  effect  is  described  by  the 
relationship [1,2,8]: 
 
 »
¼
º
«
¬
ª
¸
¹
·
¨
©
§     
b
p dt
dT
dt
dT
m t c
dt
dQ   (2) 
 
where:  
Q - crystallisation heat, 
cp - heat capacity,  
m - mass of the crystallised metal. 
 
Calculating the thermal crystallization effect in time t there 
should be taken into account also the capacity, which depends on 
the proportion of the solidified metal and the remaining liquid. 
The  total  heat  of  crystallization  is  obtained  by  integral 
calculation based on the equation:
dt
dQ : 
³ »
¼
º
«
¬
ª
¸
¹
·
¨
©
§     
Sol
N
t
t b
p dt
dt
dT
dt
dT
m c Q   (3) 
 
At a time when there are no phase changes, and therefore there 
is no additional heat source present, a differential curve corresponds 
to the cooling curve, a the crystallization function is composed of 
two parts - of derivative curve and cooling curve, where the first 
term is described on the basis of the Fourier heat transfer [9] , while 
the  second  term  shows  the  general  form  of  the  crystallization 
function describing the nucleation function of one phase. 
Considering the cell - dendritic crystallization model which 
extends uniformly from the surface to the centre of the mould in 
the  same  direction  as  the  heat  transport  directions,  but  in  the 
opposite run, the mass of the solidified crystals can be determined 
according to the Chworinov theory, where after the differentiating Research paper 14
Journal of Achievements in Materials and Manufacturing Engineering
B. Krupińska, Z. Rdzawski, M. Krupiński, K. Labisz 
Volume 61 Issue 1 November 2013  
 
over time, is known as the rate of the growing of the crystallised 
layer [1,2,8]: 
 
t
G
dt
dg
2
    (4) 
 
where: 
G - constant thickness of the crystallised layer in a time unit 
 
Changes in temperature, cooling rate and the fraction solid is 
determined  experimentally  using  thermal  analysis  and  thermo-
derivative analysis. Currently there are used in industrial practice 
following thermal analysis methods: simplified thermal analysis, 
which allows to determine the temperature of the physical and 
chemical  changes  in  the  continuous  heating  or  cooling  on  the 
basis  of  the  recorded  data  changes  as  a  function  of  time, 
temperature,  derivative  thermo-analysis  DTA  (Differential 
Thermal Analysis), which is measuring the temperature difference 
between the test sample and reference sample in which there exist 
no thermal changes during heating or cooling. The samples are 
heated or cooled at the same time under identical conditions. This 
measurement  allows  the  detection  of  thermal  effects  occurring 
during the physical or chemical transformation [1,2,10,11]. 
The  casting  temperature  has  a  significant  influence  on  the 
mechanical  properties  of  cast  zinc  alloy.  Best  tensile  strength 
values  are  achieved  for  Zn-Al  alloys  containing  4.6%  Al,  at  
a melting temperature of 460qC [12,13]. Influence of variation of 
the  gradient  and  solidification  rate  on  the  structure  of  the 
reinforcing  elements  has  a  different  character  depending  if  the 
considered  particle  is  a  local  heat  source  with  the  highest 
temperature, or if it is a resistance for the heat flow. The measured 
changes in the temperature gradient and, above all, the gradient 
change itself as a function of time and location of the investigated 
area  relative  to  the  particle  is  only  caused  by  differences  in 
thermal properties of components. Variation of derivatives of the 
temperature may cause variability, which may involve changes in 
both amplitude and duration of the process [1,2,12-17]. 
 Microstructure  and  phase  transformations  occurring  in  the 
Zn-Al  alloys  containing  additions  of  Cu  and  Si.  Based  on  the 
research there are identified two metastable phase Ș's and Ș'E. The 
dissolution of Cu and Al in the Zn-rich Ș phase results in a change 
of the unit cell of the crystal structure, which affect the physical 
and mechanical properties, in particular the dimensional stability 
of the alloy. [12-18] 
Depending  on  the  conditions  of  the  casting  process,  the 
material is prepared in a variety of structures, due to solidification 
of liquid metal. They have impact on the microstructure, grain 
size, interdendritic distance and thermal conditions [19-20]. 
Zinc  and  zinc  alloys  have  good  corrosion  resistance  in 
atmosphere,  salts  and  many  chemical  environments.  Corrosion  is 
more intense when the pH has a value less than 6 and more than 11.5. 
By increase of the Al content in the alloy the corrosion rate is Zn-Al 
alloy  increases  and  for  the  ZA27  alloy  achieves  one  third  of  the 
corrosion rate compared to Zn-Al alloys with a lower content of Al. 
Solidification  of  the  ZA27  alloy  starts  with  the  Dc  phase 
dendrites, and then by peritectic reaction of the Zn-E reach phases 
around the edge of the Dc phase. The increase in the cooling rate 
during solidification reduces the range of occurrence of peritectic 
reaction  in  order  to  enrich  the  liquid  with  Zn  and  stop  the 
solidification of the eutectic E and phase K. The rapid cooling 
causes - through the E phase transition in eutectoid temperature 
some irregular particles D and K. Most of the Dc phase generally 
consist  of  a  mixture  of  Zn-rich  phase  and  Al  matrix.  These 
structures are formed by the rapid super cooling of the alloy [13]. 
The disintegration of the metastable phase is limited by the 
addition  of  Cu  during  the  eutectic  transformation.  After 
solidification  the  copper-rich  phase  forms  with  the  Zn-K  the 
CuZn4 phase in interdendritic areas, most of the remaining copper 
is  dissolved  in  the  K  phase  with  a  size  of  70-120nm  and  
a  thickness  of  2-3nm,  H  phase  with  parameters  a=0.274  nm, 
c=0.428 nm and c / a=1.566 nm [1,2,13]. 
Addition  of  rare  earth  metals  causes  the  reduction  of 
coalescence  of particle,  because it  inhibits  diffusion  of  carbon. 
This  prevents  the  coalescence  of  the  particles  to  provide 
homogeneity of the microstructure [15]. 
Investigations  concerning  the  development  of  an  optimal 
chemical  composition  and  methods  for  preparing  of  modified 
aluminium alloys with selected rare earth metals, and boron helps 
to achieve improved properties in comparison with components 
made  of  alloys  produced  by  conventional  methods.  It  will 
contribute to a better understanding of the mechanisms underlying 
the  improvement  of  functional  properties  of  newly  developed 
alloy.  Constantly  reduction  of  the  costs  of  components  and 
simultaneously  increase  of  their  mechanical  properties, 
particularly low weight and high wear and corrosion resistance, 
increase the range and multiplication of projects concerning the 
improvement of these properties through a combination of newly 
developed materials design and manufacturing conditions. 
Current knowledge indicates that aluminium alloys with the 
addition of boron and rare earth metals are not fully recognised 
research  area.  Also  appearing  technical  difficulties,  economic 
factors  in  the  production  of  aluminium  alloys  with  very  high 
mechanical  properties  are  of  high  interest  in  this  group  of 
materials. At the end of last decade there is present an increasing 
grow  of  application  of  these  materials,  but  the  production  and 
processing  cost  as  well  as  the  difficulties  associated  with  the 
manufacturing conditions limit the range of applications to more 
specialized elements [12,13,19-26]. As a result of the performed 
investigations  concerning  the  effect  of  the  rare  earth  metals 
addition  there  were  found  redox  reactions  during  the  melting 
process, as well as fragmentation of the microstructure due to the 
introduction of many nucleation and precipitation strengthening 
additives  like  rare  earth  elements  allowing  working  of  the 
components at elevated temperatures, resulting also in improved 
properties at elevated temperatures (above 300qC) [27-29,31-34]. 
Technical  difficulties  associated  with  conventional  casting 
process,  where  occurs  strengthening  of  the  material  related  to 
segregation  and  emergence  of  clusters,  interfacial  reactions, 
increasing  occurrence  of  porosity  and  low  interfacial  coherence 
largely limited capabilities and application of conventional methods 
of  materials  producing  allowing  an  increase  of  commercial 
properties. The use of inductive and mechanical blending methods 
causes low segregation and very good mechanical properties, but 
there  occur  difficulty  of  obtaining  reproducible  properties, 
completely elimination of the occurrence of blowholes and porosity, 
as well as the presence of homogeneous structure, what is largely 
causes a reduction in the use of conventional production methods of 
metal alloy castings [1,2,18-21]. 
 
 
The aim of the research is the effect of modifications on the 
rare earth elements and properties microstructure cast zinc alloy. 
 
 
2. Materials and experimental procedure 
 
Using the UMSA device to simulate crystallization processes 
there  were  determined  interrelationships  between  chemical 
composition  and  structure  of  the  ZnAl8Cu1  alloy  (EN:  1774) 
modified with lanthanum and cerium, cooled at different cooling 
rates [3,4]. 
Investigation of cerium addition influence using the device for 
crystallisation  process  simulation  UMSA  was  performed  on 
cylindrical samples melted in graphite crucible [3,4]. 
The alloys were cooled in air with a non-forced cooling, as 
well  cooled  with  a  set  cooling  rate  there  was  set  as  0.1  and 
0.15ºC/min. for determination of the temperature change in time 
in the range of TDN to TSOL. The addition of modifiers was set as 
0.5% and 1% mass percent.
Thin  foils  microstructure  investigations  and  phase 
identification  were  carried  out  on  the  JEOL  3010  transmission 
electron microscope (TEM), at the accelerating voltage of 200 kV 
using SAD diffraction method as a tool for phase investigations. 
The  diffraction  patterns  from  the  TEM  were  solved  using  
a computer program “Eldyf” software supplied by the Institute of 
Material Science o the University of Silesia. 
For temperature measurement a chromel-alumel thermocouple 
of the K type was applied with a reaction time of 250 ms. 
In  order  to  determine  the  relationship  between  the 
crystallization kinetics of the investigated alloy, and the chemical 
composition,  microstructure  and  mechanical  properties  of  zinc 
cast alloys modified with rare earth metals additions, cooled with 
various cooling rates, following investigations were carried out: 
thermo-derivative analysis of the investigated Zn alloys, macro- 
and microstructure of the alloys using light microscopy as well 
scanning  and  transmission  electron  microscopy  with  EDS 
microanalysis, electron diffraction investigation carried out using 
transmission electron microscope, which allow it to determine the 
structure as well phases occurred in the investigated alloy. 
 
 
3. Description of achieved results 
 
Addition of Ce to the ZL8 alloy modifies the microstructure 
(by mind of refinement resulting from the modification of grain 
and  subgrains  -  according  literature  data),  but  does  not 
significantly change the derivative curve and also does not cause 
the  formation  of  new  phases  and  eutectics  during  the 
solidification process of the melt (Figs. 1, 2). 
As a result of modification with Ce there occurs an increase of 
undercooling  of  the  ZL8  alloy,  which  can  be  recognised 
especially on the fraction solid diagram calculated on the basis of 
the obtained thermal analysis results.  
The  phases  and  eutectics  crystallization  sequence  marked  in 
Fig.  1,  both  for  the  nonmodified  and  modified  zinc  alloy  are:  
I - TDN nucleation temperature, II - T temperature of the beginning 
of the crystal growth (D phase dendrites), III - Dendrites of the Į 
phase occurred in the liquid alloy become coherent, and the second 
derivative of the cooling curve reaches the value zero, IV - Stable 
growth of dendrite Į phase , V - Nucleation of the ȕ+Į eutectics,  
VI - A stable growth of the Į + ȕ eutectic. This process occurs at  
a  constant  temperature,  so  there  is  achieved  thermal  equilibrium 
between the crystallised phases. In this point, the derivative of the 
cooling  curve  reaches  again  the  value  zero,  VII  -  TSol-  end  of 
eutectics nucleation, entire alloy crystallised. 
There  is  visible  also  a  change  in  the  morphology  of  Al 
dendrites,  which  have  extended  secondary  arms  prior  to  the 
modification,  whereas  after  the  modification  there  occurs  
a limited amount of secondary dendrite arms, and in their place 
there are present precipitations with a globular shape. 
 
 
 
Fig. 1. Cooling curve, crystallisation curve and the calorimetric 
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Fig. 2. Cooling curve, crystallisation curve and the calorimetric 
analysis of the ATD diagram for the ZL8 alloy, modified with Ce 
1% mas., cooling rate 0.15°C/s 
 
It  was  found  out,  as  a  result  of  the  microstructure 
investigations (Figs. 3-9) on light microscope, that there are no 
pores  or  cracks  in  the  produced  material  and  any  defects  and 
failures occurring spontaneously are not of significant importance 
for the properties of the whole sample. 15
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over time, is known as the rate of the growing of the crystallised 
layer [1,2,8]: 
 
t
G
dt
dg
2
    (4) 
 
where: 
G - constant thickness of the crystallised layer in a time unit 
 
Changes in temperature, cooling rate and the fraction solid is 
determined  experimentally  using  thermal  analysis  and  thermo-
derivative analysis. Currently there are used in industrial practice 
following thermal analysis methods: simplified thermal analysis, 
which allows to determine the temperature of the physical and 
chemical  changes  in  the  continuous  heating  or  cooling  on  the 
basis  of  the  recorded  data  changes  as  a  function  of  time, 
temperature,  derivative  thermo-analysis  DTA  (Differential 
Thermal Analysis), which is measuring the temperature difference 
between the test sample and reference sample in which there exist 
no thermal changes during heating or cooling. The samples are 
heated or cooled at the same time under identical conditions. This 
measurement  allows  the  detection  of  thermal  effects  occurring 
during the physical or chemical transformation [1,2,10,11]. 
The  casting  temperature  has  a  significant  influence  on  the 
mechanical  properties  of  cast  zinc  alloy.  Best  tensile  strength 
values  are  achieved  for  Zn-Al  alloys  containing  4.6%  Al,  at  
a melting temperature of 460qC [12,13]. Influence of variation of 
the  gradient  and  solidification  rate  on  the  structure  of  the 
reinforcing  elements  has  a  different  character  depending  if  the 
considered  particle  is  a  local  heat  source  with  the  highest 
temperature, or if it is a resistance for the heat flow. The measured 
changes in the temperature gradient and, above all, the gradient 
change itself as a function of time and location of the investigated 
area  relative  to  the  particle  is  only  caused  by  differences  in 
thermal properties of components. Variation of derivatives of the 
temperature may cause variability, which may involve changes in 
both amplitude and duration of the process [1,2,12-17]. 
 Microstructure  and  phase  transformations  occurring  in  the 
Zn-Al  alloys  containing  additions  of  Cu  and  Si.  Based  on  the 
research there are identified two metastable phase Ș's and Ș'E. The 
dissolution of Cu and Al in the Zn-rich Ș phase results in a change 
of the unit cell of the crystal structure, which affect the physical 
and mechanical properties, in particular the dimensional stability 
of the alloy. [12-18] 
Depending  on  the  conditions  of  the  casting  process,  the 
material is prepared in a variety of structures, due to solidification 
of liquid metal. They have impact on the microstructure, grain 
size, interdendritic distance and thermal conditions [19-20]. 
Zinc  and  zinc  alloys  have  good  corrosion  resistance  in 
atmosphere,  salts  and  many  chemical  environments.  Corrosion  is 
more intense when the pH has a value less than 6 and more than 11.5. 
By increase of the Al content in the alloy the corrosion rate is Zn-Al 
alloy  increases  and  for  the  ZA27  alloy  achieves  one  third  of  the 
corrosion rate compared to Zn-Al alloys with a lower content of Al. 
Solidification  of  the  ZA27  alloy  starts  with  the  Dc  phase 
dendrites, and then by peritectic reaction of the Zn-E reach phases 
around the edge of the Dc phase. The increase in the cooling rate 
during solidification reduces the range of occurrence of peritectic 
reaction  in  order  to  enrich  the  liquid  with  Zn  and  stop  the 
solidification of the eutectic E and phase K. The rapid cooling 
causes - through the E phase transition in eutectoid temperature 
some irregular particles D and K. Most of the Dc phase generally 
consist  of  a  mixture  of  Zn-rich  phase  and  Al  matrix.  These 
structures are formed by the rapid super cooling of the alloy [13]. 
The disintegration of the metastable phase is limited by the 
addition  of  Cu  during  the  eutectic  transformation.  After 
solidification  the  copper-rich  phase  forms  with  the  Zn-K  the 
CuZn4 phase in interdendritic areas, most of the remaining copper 
is  dissolved  in  the  K  phase  with  a  size  of  70-120nm  and  
a  thickness  of  2-3nm,  H  phase  with  parameters  a=0.274  nm, 
c=0.428 nm and c / a=1.566 nm [1,2,13]. 
Addition  of  rare  earth  metals  causes  the  reduction  of 
coalescence  of particle,  because it  inhibits  diffusion  of  carbon. 
This  prevents  the  coalescence  of  the  particles  to  provide 
homogeneity of the microstructure [15]. 
Investigations  concerning  the  development  of  an  optimal 
chemical  composition  and  methods  for  preparing  of  modified 
aluminium alloys with selected rare earth metals, and boron helps 
to achieve improved properties in comparison with components 
made  of  alloys  produced  by  conventional  methods.  It  will 
contribute to a better understanding of the mechanisms underlying 
the  improvement  of  functional  properties  of  newly  developed 
alloy.  Constantly  reduction  of  the  costs  of  components  and 
simultaneously  increase  of  their  mechanical  properties, 
particularly low weight and high wear and corrosion resistance, 
increase the range and multiplication of projects concerning the 
improvement of these properties through a combination of newly 
developed materials design and manufacturing conditions. 
Current knowledge indicates that aluminium alloys with the 
addition of boron and rare earth metals are not fully recognised 
research  area.  Also  appearing  technical  difficulties,  economic 
factors  in  the  production  of  aluminium  alloys  with  very  high 
mechanical  properties  are  of  high  interest  in  this  group  of 
materials. At the end of last decade there is present an increasing 
grow  of  application  of  these  materials,  but  the  production  and 
processing  cost  as  well  as  the  difficulties  associated  with  the 
manufacturing conditions limit the range of applications to more 
specialized elements [12,13,19-26]. As a result of the performed 
investigations  concerning  the  effect  of  the  rare  earth  metals 
addition  there  were  found  redox  reactions  during  the  melting 
process, as well as fragmentation of the microstructure due to the 
introduction of many nucleation and precipitation strengthening 
additives  like  rare  earth  elements  allowing  working  of  the 
components at elevated temperatures, resulting also in improved 
properties at elevated temperatures (above 300qC) [27-29,31-34]. 
Technical  difficulties  associated  with  conventional  casting 
process,  where  occurs  strengthening  of  the  material  related  to 
segregation  and  emergence  of  clusters,  interfacial  reactions, 
increasing  occurrence  of  porosity  and  low  interfacial  coherence 
largely limited capabilities and application of conventional methods 
of  materials  producing  allowing  an  increase  of  commercial 
properties. The use of inductive and mechanical blending methods 
causes low segregation and very good mechanical properties, but 
there  occur  difficulty  of  obtaining  reproducible  properties, 
completely elimination of the occurrence of blowholes and porosity, 
as well as the presence of homogeneous structure, what is largely 
causes a reduction in the use of conventional production methods of 
metal alloy castings [1,2,18-21]. 
 
 
The aim of the research is the effect of modifications on the 
rare earth elements and properties microstructure cast zinc alloy. 
 
 
2. Materials and experimental procedure 
 
Using the UMSA device to simulate crystallization processes 
there  were  determined  interrelationships  between  chemical 
composition  and  structure  of  the  ZnAl8Cu1  alloy  (EN:  1774) 
modified with lanthanum and cerium, cooled at different cooling 
rates [3,4]. 
Investigation of cerium addition influence using the device for 
crystallisation  process  simulation  UMSA  was  performed  on 
cylindrical samples melted in graphite crucible [3,4]. 
The alloys were cooled in air with a non-forced cooling, as 
well  cooled  with  a  set  cooling  rate  there  was  set  as  0.1  and 
0.15ºC/min. for determination of the temperature change in time 
in the range of TDN to TSOL. The addition of modifiers was set as 
0.5% and 1% mass percent.
Thin  foils  microstructure  investigations  and  phase 
identification  were  carried  out  on  the  JEOL  3010  transmission 
electron microscope (TEM), at the accelerating voltage of 200 kV 
using SAD diffraction method as a tool for phase investigations. 
The  diffraction  patterns  from  the  TEM  were  solved  using  
a computer program “Eldyf” software supplied by the Institute of 
Material Science o the University of Silesia. 
For temperature measurement a chromel-alumel thermocouple 
of the K type was applied with a reaction time of 250 ms. 
In  order  to  determine  the  relationship  between  the 
crystallization kinetics of the investigated alloy, and the chemical 
composition,  microstructure  and  mechanical  properties  of  zinc 
cast alloys modified with rare earth metals additions, cooled with 
various cooling rates, following investigations were carried out: 
thermo-derivative analysis of the investigated Zn alloys, macro- 
and microstructure of the alloys using light microscopy as well 
scanning  and  transmission  electron  microscopy  with  EDS 
microanalysis, electron diffraction investigation carried out using 
transmission electron microscope, which allow it to determine the 
structure as well phases occurred in the investigated alloy. 
 
 
3. Description of achieved results 
 
Addition of Ce to the ZL8 alloy modifies the microstructure 
(by mind of refinement resulting from the modification of grain 
and  subgrains  -  according  literature  data),  but  does  not 
significantly change the derivative curve and also does not cause 
the  formation  of  new  phases  and  eutectics  during  the 
solidification process of the melt (Figs. 1, 2). 
As a result of modification with Ce there occurs an increase of 
undercooling  of  the  ZL8  alloy,  which  can  be  recognised 
especially on the fraction solid diagram calculated on the basis of 
the obtained thermal analysis results.  
The  phases  and  eutectics  crystallization  sequence  marked  in 
Fig.  1,  both  for  the  nonmodified  and  modified  zinc  alloy  are:  
I - TDN nucleation temperature, II - T temperature of the beginning 
of the crystal growth (D phase dendrites), III - Dendrites of the Į 
phase occurred in the liquid alloy become coherent, and the second 
derivative of the cooling curve reaches the value zero, IV - Stable 
growth of dendrite Į phase , V - Nucleation of the ȕ+Į eutectics,  
VI - A stable growth of the Į + ȕ eutectic. This process occurs at  
a  constant  temperature,  so  there  is  achieved  thermal  equilibrium 
between the crystallised phases. In this point, the derivative of the 
cooling  curve  reaches  again  the  value  zero,  VII  -  TSol-  end  of 
eutectics nucleation, entire alloy crystallised. 
There  is  visible  also  a  change  in  the  morphology  of  Al 
dendrites,  which  have  extended  secondary  arms  prior  to  the 
modification,  whereas  after  the  modification  there  occurs  
a limited amount of secondary dendrite arms, and in their place 
there are present precipitations with a globular shape. 
 
 
 
Fig. 1. Cooling curve, crystallisation curve and the calorimetric 
analysis  of  the  ATD  diagram  for  the  ZL8  alloy,  cooling  rate 
~0.1°C/s 
 
 
 
Fig. 2. Cooling curve, crystallisation curve and the calorimetric 
analysis of the ATD diagram for the ZL8 alloy, modified with Ce 
1% mas., cooling rate 0.15°C/s 
 
It  was  found  out,  as  a  result  of  the  microstructure 
investigations (Figs. 3-9) on light microscope, that there are no 
pores  or  cracks  in  the  produced  material  and  any  defects  and 
failures occurring spontaneously are not of significant importance 
for the properties of the whole sample. 
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Fig. 3. Microstructure of the nonmodified cast ZL 8, etched in 
10% HF 
 
 
 
Fig. 4. Microstructure of the modified cast ZL 8, etched in 10% 
HF, modified with 0.1% mas. Ce 
 
 
 
Fig. 5 .Microstructure of the modified cast ZL 8, etched in 10% 
HF, modified with 0.1% mas. Ce 
 
Transmission  electron  microscope  investigation  results  are 
presented  on  Figs.  10  to  17.  For  the  investigated  zinc  alloy  
a  crystalline  microstructure  of  the  alloy  after  the  controlled 
solidification process was detected. 
Microstructures of the alloy using the bright field technique 
are  showed  on  Figs.  10  and  14.  The  size  of  the  subgrains  or 
crystallites  can  be  determined,  as  ca.  0.3  m  in  size.  For  the 
reason  of  smaller  crystalline  structure  could  have  also  better 
mechanical properties. For phase determination of the structure of 
the surface layer diffraction pattern analysis of the investigated 
areas has allow to identify the Zn Į phase () as a hexagonal phase 
of the P63/mmc space group with the d-spacing of a=b=0.26648 
nm and c=0.49467 nm. 
 
 
 
Fig. 6. Microstructure of the modified cast ZL 8, etched in 10% 
HF, modified with 0.5% mas. Ce 
 
 
 
Fig. 7. Microstructure of the modified cast ZL 8, etched in 10% 
HF, modified with 1% mas. Ce 
 
 
 
Fig. 8. Microstructure of the modified cast ZL 8, etched in 10% 
HF, modified with 1% mas. Ce 
400m 
 
 
 
 
Fig.  9.  The  X-ray  diffraction-graph  of  ZL8  with  Ce  phases 
composition 
 
 
 
Fig. 10 .Microstructure of the ZL8 alloy modified with Ce, bright 
field, TEM 
 
 
 
Fig. 11. Microstructure of the ZL8 alloy modified with Ce, dark 
field, TEM 
 
 
Fig. 12. Diffraction pattern of the area presented on Fig. 10 
 
 
 
Fig. 13. Solution of the diffraction pattern presented on Fig. 12 
 
 
 
Fig. 14. Microstructure of the ZL8 alloy modified with Ce, bright 
field, TEM 17
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Fig. 15. Microstructure of the ZL8 alloy modified with Ce, dark 
field, TEM
 
 
Fig. 16. Diffraction pattern of the area presented on Fig. 14 
 
 
 
Fig. 17. Diffraction pattern of the area presented on Fig. 16 
4. Conclusions 
 
As a result of the performed investigations it was fund that: there 
occurs  morphology  changes  of  the  Į  phase  dendrites  as  well 
microstructure  refinement,  alloy  modification  causes  a  shift  of  the 
characteristic points of the phases and eutectics crystallisation as well 
solidus/liquidus  points,  and  increase  of  the  alloy  overcooling. 
Transmission  electron  microscope  investigations  have  allow  it  to 
determine the Zn phases as a main phase in this alloy, responsible for 
mechanical properties enhancement, with the possibility to determine 
to size of the crystallites, reaching up to 300 nm. 
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Properties
Microstructure investigations of cast Zn-Al alloys
 
 
 
Fig. 15. Microstructure of the ZL8 alloy modified with Ce, dark 
field, TEM
 
 
Fig. 16. Diffraction pattern of the area presented on Fig. 14 
 
 
 
Fig. 17. Diffraction pattern of the area presented on Fig. 16 
4. Conclusions 
 
As a result of the performed investigations it was fund that: there 
occurs  morphology  changes  of  the  Į  phase  dendrites  as  well 
microstructure  refinement,  alloy  modification  causes  a  shift  of  the 
characteristic points of the phases and eutectics crystallisation as well 
solidus/liquidus  points,  and  increase  of  the  alloy  overcooling. 
Transmission  electron  microscope  investigations  have  allow  it  to 
determine the Zn phases as a main phase in this alloy, responsible for 
mechanical properties enhancement, with the possibility to determine 
to size of the crystallites, reaching up to 300 nm. 
 
 
Acknowledgements  
 
Research was financed partially within the framework of the 
Polish  State  Committee  for  Scientific  Research  Project  No. 
NN507 264040headed by Dr Beata KrupiĔska. 
 
 
References 
[1] E.  FraĞ,  Alloy  crystallisation,  Publishing  House  WNT, 
Warsaw, 2003. 
[2] Z. Górny, J. Sobczak, Non-ferrous metals based materials in 
foundry practice, ZA-PIS, Cracow, 2005. 
[3] B.  KrupiĔska,  K.  Labisz,  L.A.  DobrzaĔski,  Z.  Rdzawski, 
Crystallization kinetics of Zn alloys modified with Ce, La, 
Sr,  Ti,  B,  Journal  of  Achievements  in  Materials  and 
Manufacturing Engineering 42/1-2 (2010) 50-57. 
[4] B. KrupiĔska, L.A. DobrzaĔski, Z.M. Rdzawski, K. Labisz, 
Cooling rate influence on microstructure of the Zn-Al cast 
alloy,  Journal  of  Achievements  in  Materials  and 
Manufacturing Engineering 43/1 (2010) 3-20. 
[5] W.  Krajewski,  Shaping  the  structure  of  Zn-Al  alloys  by 
doping  with  Zn  master  alloy,  Copyright  by  Faculty  of 
Foundry Engineering St. Staszic University of Mining and 
Metallurgy in Cracow, 2001. 
[6] W.  Krajewski,  Research  of  the  heterogeneous  nucleation 
mechanism  in  high-aluminium  zink  alloys  modified  by  
Ti dddition, Cracow, 1996. 
[7] W.  Krajewski,  Investigation  of  the  high-aluminium  zinc 
alloys grainrefinement process due to Ti addition, Archives 
of Metallurgy 44/1 (1999) 51-64. 
[8] W.T.  Kierkus.,  J.H.  Sokolowski,  Recent  Advances  in 
Cooling Curve Analysis, A New Method for determining the 
‘Base Line’ Equation, AFS Transactions,107/19. 
[9] J.C. Baez, C. Gonzalez, M.R. Chavez, M. Castro, J. Juarez, 
Fourier  Thermal  Analysis  of  the  Solidification Kinetics  in 
A356/SiCp  Cast  Composites,  Journal  of  Materials 
Processing Technology, 2004. 
[10] M.  KrupiĔski,  K.  Labisz,  L.A.  DobrzaĔski,  Structure 
investigation of the Al-Si-Cu alloy using derivative thermo 
analysis,  Journal  of  Achievements  in  Materials  and 
Manufacturing Engineering 34/1 (2009) 47-54. 
[11] M. KrupiĔski, K. Labisz, L.A. DobrzaĔski, Z.M. Rdzawski, 
Derivative thermo-analysis application to assess the cooling 
rate  influence  on  the  microstructure  of  Al-Si  alloy  cast, 
0,20m 
 
 
Journal  of  Achievements  in  Materials  and  Manufacturing 
Engineering 38/2 (2010) 115-122. 
[12] L.J.  Yang,  The  effect  of  casting  temperature  on  the 
properties of squeeze cast aluminium and zinc alloys, Journal 
of Materials Processing Technology 140 (2003) 391-396.  
[13]  L.J.  Yang:  The  effect  of  solidification  time  in  squeeze 
casting of aluminium and zinc alloys, Journal of Materials 
Processing Technology 192-193 (2007) 114-120.  
[14] W.R.  Osorio,  A.  Garcia,  Modeling  dendritic  structure  and 
mechanical  properties  of  Zn-Al  alloys  as  a  function  of 
solidification conditions, Materials Science and Engineering 
A325 (2002) 103-111.  
[15] A.E.  Ares,  L.M.  Gassa,  S.F.  Gueijman,  C.E.  Schvezov, 
Correlation between thermal parameters, structures, dendritic 
spacing  and  corrosion  behavior  of  Zn-Al  alloys  with 
columnar to equiaxed transition, Journal of Crystal Growth 
310, Science Direct (2008) 1355-1361. 
[16] M. Durman, S. Murphy, An electronmetallographic study of 
pressure  die-cast  commercial  zinc-aluminium-based  alloy 
ZA27, Journal of Materials Science 32 (1997) 1603-1611.  
[17] T.J. Chena, Y. Haoa, J. Sunb, Y.D Lia, Effects of Mg and 
RE additions on the semi-solid microstructure of a zinc alloy 
ZA27,  Science  and  Technology  of  Advanced  Materials 
4 (2003) 495-502. 
[18] J.  Szajnar,  The  impact  of  selected  physical  factors  on  the 
crystallization process and structure of castings, Archives of 
Foundry Engineering 9-1 (2009). 
[19] W. Kasprzak, J.H. Sokolowski, M. Sahoo, L.A. DobrzaĔski, 
Thermal  and  structural  characteristics  of  the  AM50 
magnesium alloy, Journal of Achievements in Materials and 
Manufacturing Engineering 28/2 (2008) 131-138. 
[20] L.A.  DobrzaĔski,  M.  Kasprzak,  W.  Kasprzak,  
J.H.  Sokolowski,  A  novel  approach  to  the  design  and 
optimisation  of  aluminium  cast  component  heat  treatment 
processes  using  advanced  UMSA  physical  simulations, 
Journal  of  Achievements  in  Materials  and  Manufacturing 
Engineering 24/2 (2007) 139-142. 
[21] L.A.  DobrzaĔski,  M.  Król,  T.  TaĔski,  Thermal  analysis, 
structure and mechanical properties of the MC MgAl3Zn1 
cast  alloy,  Journal  of  Achievements  in  Materials  and 
Manufacturing Engineering 40/2 (2010) 167-174. 
[22] L.A. DobrzaĔski, T. TaĔski, L. Cížek, Heat treatment impact 
on  the  structure  of  die-cast  magnesium  alloys,  Journal  of 
Achievements in Materials and Manufacturing Engineering 
20 (2007) 431-434. 
[23] G.  Moskal,  Thermal  barrier  coatings:  characteristics  of 
microstructure and properties, generation and directions of 
development of bond, Journal of Achievements in Materials 
and Manufacturing Engineering 37/2 (2009) 323-331. 
[24] L.A. DobrzaĔski, M. Król, T. TaĔski, Effect of cooling rate 
and aluminum contents on the Mg-Al-Zn alloys structure and 
mechanical properties, Journal of Achievements in Materials 
and Manufacturing Engineering 43/2 (2010) 613-633. 
[25] L.A. DobrzaĔski, R. Maniara, J. Sokolowski, W. Kasprzak , 
Effect of cooling rate on the solidification behavior of AC 
AlSi7Cu2 alloy, Journal of Materials Processing Technology 
191 (2007) 317-320.  
[26] L.A.  DobrzaĔski,  W.  Borek,  R.  Maniara,  Influence  of  the 
crystallization condition on Al-Si-Cu casting alloys structure, 
Journal  of  Achievements  in  Materials  and  Manufacturing 
Engineering 18 (2006) 211-214. 
[27] J.H. Sokolowski, X-C. Sun, G. ByczyĔski, D.O. Northwood, 
D.E.  Pentod,  R.  Thomas:  The  removal  of  copper  phase 
segregation and the subsequent improvement in mechanical 
properties  of  cast  319  aluminium  alloys  by  a  two-stage 
solution  heat  treatment,  Journal  of  Materials  Processing 
Technology 53 (1995) 174-180. 
[28] L.A. DobrzaĔski, R. Maniara, J.H. Sokolowski, The effect of 
cast  Al-Si-Cu  alloy  solidification  rate  on  alloy  thermal 
characteristics,  Journal  of  Achievements  in  Materials  and 
Manufacturing Engineering 17/1-2 (2006) 217-220. 
[29] L.A. DobrzaĔski, R. Maniara, J. Sokolowski, W. Kasprzak, 
M.  Krupinski,  Z.  Brytan,  Applications  of  the  artificial 
intelligence methods for modeling of the ACAlSi7Cu alloy 
crystallization  process,  Journal  of  Materials  Processing 
Technology 192-193 (2007) 582-587. 
[30] L.A.  Dobrzanski,  W.  Kasprzak,  M.  Kasprzak,  
J.H.  Sokolowski,  A  Novel  Approach  to  the  Design  and 
optimization  of  aluminum  cast  component  heat  treatment 
processes  using  advanced  UMSA  physical  simulations, 
Journal  of  Achievements  in  Materials  and  Manufacturing 
Engineering 24/2 (2007) 139-142. 
[31] W. Kasprzak, J.H. Sokolowski, W. Sahoo, L.A. Dobrzanski, 
Thermal  and  structural  characteristics  of  the  AZ50 
magnesium alloy, Journal of Achievements in Materials and 
Manufacturing Engineering 29/2 (2008) 179-182.  
[32] L.A. DobrzaĔski, M. Krupinski, J.H. Sokolowski, Computer 
aided  classification  of  flaws  occurred  during  casting  of 
aluminum, Journal  of  Materials  Processing  Technology 
167/2-3 (2005) 456-462.  
[33] M.  KrupiĔski,  K.  Labisz,  L.A.  DobrzaĔski,  Z.  Rdzawski, 
Derivative  thermo  analysis  of  the  Al-Si  cast  alloy  with 
addition  of  rare  earths  metals,  Archives  of  Foundry 
Engineering 10/1 (2009) 79-82. 
[34] M.  KrupiĔski,  K.  Labisz,  L.A.  DobrzaĔski,  Structure 
investigation of the Al-Si-Cu alloy using derivative thermo 
analysis,  Journal  of  Achievements  in  Materials  and 
Manufacturing Engineering 34/1 (2009) 47-54. 